Temperature-dependent quasiparticle recombination lifetimes -Cexp(r ) and densities N o of electronic states at the Fermi level have been measured from time decay experiments of excess quasiparticle concentrations in evaporated, superconducting A1-and Pb-tunnel junctions. Current pulses were used to inject excess, nonthermal quasiparticles in a single junction acting simultaneously as generator and detector. The experimental lifetimes in "unperturbed" A1 show satisfactory agreement with calculations based on the 2A-phonon trapping lifetime model. Zexp decreases with increasing perturbations of the A1 film structure by oxygen background evaporation. In Pb the measured times indicate 2Aphonon volume losses. The densities N o in Pb-films and "unperturbed" as well as oxygen-perturbed Al-films differ by less than 5 % from the corresponding bulk material data. Therefore, in trying to explain the enhancement of the transition temperature from 1.23 K to 1.85 K in perturbed, granular Al-films a change of N o can be ruled out.
I. Introduction
In a previous publication [11 we reported on directly measured effective quasiparticle recombination lifetimes Zex p in superconducting tin tunnel junctions and, for the first time, on a new experimental method to determine the absolute value of the density N o of electronic states at the Fermi level in thin, vacuumdeposited superconductor films. The experimental times showed good agreement with values calculated on the basis of the ray-acoustic lifetime model [2] in the linear thickness range of %xp with negligible 2Aphonon loss processes in the film volume. Moreover, N o of polycrystalline Sn-films with only slightly enhanced (1%) transition temperatures T~ deviated less than 5 % from that evaluated from the experimental electronic heat-capacity coefficient "/of ordinary bulk tin. In the present paper experimental Zexp(T ) and N o data for A1 and Pb have been determined. A brief description of the experimental technique and of the lifetime model used, together with the most important results, is given in Sects. II.A and II.B. The experimental data are compared with theory and * Present address: IBM Ziirich, Research Laboratory, CH-8803 Riischlikon, Switzerland discussed with respect to the questions whether the measured increase of T~ in perturbed Al-films may be caused by a change of N o and whether %xp is changed with increasing film structure perturbations (see Sects. II.C and III.A). Experiments on lead were made in order to investigate the influence of phonon volume losses on the value of %xp (see Sect. III.B). (1) 0340-224X/79/0032/0167/$01.60 Accordingly, a measurement of N o requires absolute values of the temperature T, the energy gap A (T), the rate Io, the effective lifetime Zexp, 0 at (SN/Nth ~ 1 and the relative quasiparticle overinjection ,SN(t=O)/Nth =x(0) at the switch-off time t=0 of the injection pulse. These quantities can be measured with a single, symmetrical tunnel junction, i.e. A and T from the current (/)-voltage (U)-characteristics and x(0) and Zexp, o from the time decay of cSN after pulse excitation. The junction is biased in the thermal tunneling current range (0< U~<2A/e) and acts as its own detector. In the present paper current pulses have been used to generate bN. By current injection additional, nonequilibrium quasiparticles are generated in single particle tunneling via breaking up Cooper-pairs (U>2A/e) in the tunneling volume VTu with the rate I o = 2 ieff/eVT~; /eft is an effective excitation current (see [1] ). Experimentally bN/Nth is determined from the corresponding increase of the thermal tunneling current ith , i.e. 6N/Nth=(Si/ith, and Zexp, 0 can directly be observed from the time decay of 6i sufficiently long after switch-off of the injection pulse. Accurate values for x(0) and Z~xp,0 are obtained from a mean least squares fit of the nonexponential decay function 
II. Theory. Brief Outlines
where N~ s is the band-structure density of states and (1 +2) the enhancement factor due to the electronphonon coupling 2 [-4].
B. Quasiparticle Lifetime Model
According to the comprehensive calculations for the effective quasiparticle recombination lifetimes in superconductors [2], the influence of phonon reemission and reabsorption results in three characteristic ranges of the thickness (d) dependence of zex p. As to our junctions, range 2 with d >Aw is the most important one, where Zex p can be expressed by a linear thickness dependence dUth /1 1\//~ ~\ Texp = N~ t £, h ~3t3 -1-~C/3 ) / ~ ~2t2 -]-2~2C/ 2 ).
In (4) N~o,t h designates the total density of thermally excited 2A-phonons, c~, t are the longitudinal and transverse sound velocities respectively, and ~,~ =rtt,1;f/s-~rt,l;f/He is the total, polarization and angle dependent, average phonon transmission factor at the boundaries film (f)/substrate (s) and film/helium. We compare our experimental times in A1 and Pb with (4) assuming dominating 2A-phonon escape across the junction boundaries (surface losses), i.e. the validity of the relation A v >> A w between the mean free paths of 2A-phonons with respect to reabsorption (Aw) and bulk loss processes (Av) (volume losses without pairbreaking).
C. T, as a Function of N o
In this subsection we evaluate the exclusive dependence of T~ 
with x=(co2)/co 2, co o is the upper cut-off phonon frequency. For A1 we have from available experiments [7] (co2) = 849 meV z, coo =40 meV (neglecting the slight high-frequency tail in the electron-phonon spectral function c~2(co)F(co)) and thus x=0.53. According to McMillan )~ is the electron-phonon coupling constant as defined by 
where ~2(co) is an average of the electron-phonon interaction, (/2) is the squared matrix element of the electron-ion-deformation potential averaged over all
